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(54) OPTICAL CIRCULATOR ARRAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a number of 
parts and to make an array small in size and light in 
weight by making an optical demultiplexer/multiplexer, 
non- reciprocal polarizing rotator and even a reciprocal 
polarizing rotator an array. 

SOLUTION: A non-reciprocal polarizing rotator 4 is 
packaged on the surfaces of centers of optical 
demultiplexing/multiplexing circuit portions 101, 102 
prepared on the same substrate and a sheet of polyimide 
plate is inserted for one waveguide as the reciprocal , - 

polarizing rotators 2, 3. The eight sets of optical y^^^r 
demultiplexing/multiplexing circuits 131, 132 are "* 
arranged in parallel on the optical 

demultiplexing/multiplexing circuit portions 101, 102 and 
guiding waveguides 133, 134 for adjusting the optical axis 
are located on both ends. Guide grooves 14, 15 for 
installing the non-reciprocal polarizing rotators 2, 3 
composed of half wavelength plate are provided in the 
optical demultiplexing/ multiplexing circuit portions 101, 

102. By representing angles between the slow axis and X axis of the reciprocal polarizing 
rotators 2, 3 by es1, es2 and the rotating angles of a waveguide type Faraday rotator by ef1, e 
f2, the respective angles are set so as to satisfy the relations: es1-es2=±5/4, ef1+ef2=± 
5/2+2n5 (where n is an integer). 
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^ifeWCtJ. ^-»S±Kf^Lfc*^l^fiSSatiri 0 
1 , 10 2 ©**tc^tBSmffi@l£T4 «r^ffl*f^ L 
/c^^ffiotBS<13tSI5]^2 . 3cL-C#'J-f*K 

i -><ommiz.m,x i fe#AL,fcfe©-c*s. ^ 
^fS^ssspfi ioi. io2tt, m—Wfr<D±\cvmi, 

Bl33Rt;i 3 4?:*-r&. 
[0014] jt^St^KScIslK 131. 1 3 2 £ «. 
3flW3 d Kt}7 ; 7-tmmtimfe*7fi?3 d B^iKEIffi 

5o 13 ■< h-m&fel 3 3. 1 3 4«. ^»§M©/c*(C 
fljV^ftS. ♦BS®3tElH]fe^2. 3«. 

<fc K) tii>. %ftm-$®.mL 10 1, 10 2 «CB. 



(4) *fflff 11-119 15 8 

5 6 

[0 0 1 5] mBS®3feffi0feT4«, (L^Y,.,) , *&gBfc1J---*~ F<D&tf- h*>63£?:A 

(GarFe,.,) 5 O i2 j5p*>/j:£ 0 £/c, «L/c<!:C^ l&l 1 H«C#- h^ifeS^U/cJ: 5 CC 
**BRffl|SlffiHI6^2, 30sl ow«iX#OWft F 1 - 1 *>6A«b/c3t#*-- F 1 -2*s F 

^gM^r^f'-lilfe^Bfeft^^r^ 0 f2 £-r£<t ^6Alilfe*»#-H-4^ #-Fl-4;fr»6A 

l. io2«, ^&MBWM3t j y--**i'~23--v t mx k-r^xmmztitc. 

[0016] 4^«^ttfW**T^»S^**- *AMUttf£<DTJ V 5/ a >©tttt2 0 d Bgg<D 

+ ^U-^Tlx^<0«lfKSg»l . 5 5amK:R5£0 iI£^U/c. h<DJSH«^fi« 3 0 d BgffiT* 

/c e ##»^sasti ioiatfio2i Lxx&mmm ->/c u&wjizmx&^ftftmmmzn®^? 

»l//cSlim^7X«i^^«»^^^-S^ffi^:ift@ x 4 5 mm^a, C*l£ 8^y-3fe<*&<fc 5 6 X 4 5 m 

SI 3 ISC*! 3 2^8ffl^J^a f ^O>MSCC*f4P3 ytD©**Stt3 0X3 0mmi/|«<bWB&*ifc. 
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»«^6tt*TB*iaBB*ffli»r*>. *mifoW<Dm 
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[0 04 0] Ciafc«4D **5B©*4©30ll«CC«« 

i5^Lrcnawi^-aw^«im-#-^^«LTm 

gl^S^SM 10 1. 10 2 <D**fc#«E« 
*BBK : r-4 ^affiH^Ufc^S-CMoettCCttHL/c 
# "J -f 5 F«*>6^StgJ5M)fe®0^ : ?-2 2 . 2 3^R 

AT £ES-C» A b /c i>(D-C$> S. 

[oo4i] *^«rttfw-r *T»ffl*affl3e*-- 

+ ^.U-^TU^(DKifegS«l . 3 0*tm(CK£ls 
/Co *^SI^0cg«4 1 0 1 1 0 2 i LTfaJ-S i S 
fcCD-klc A t" > ^ - F i JS5fe1± ^*>x^^>^CC<J:0 



(7) 

13. 

13 1 ~BlU 1 32* 8fflft?U(t 

&v*<Dffimc%Mmmi<DX-i vmm& i 3 srv i 

mm&<DWtitft<Dy H -Jl> F&2 a>it 1 0 . 5 y m t 

mxmsi l tc tmrnmama* 3 2 sc? 3 3 ©ji 3 1* 10 

1 6 limiUfc. 

[0042] *BS<!3fcB5PlfcT- 32.33 tt:5fc#g|£j5 
SBft 1 0 1 Rt/ 1 0 2 £#*&E<l:Sfcffi|p|!ig*4©f18tCt* 

#F»J-9A#'.;9A:tf-* ;r h (GGG) 
•?*->^-Cf£SSl,fc (L*Y,. X ) , (Ga,Fe>.,) s O 

-Y4©g$t;tl. 48mmil. (B*tilHlfeft«7r/4 

[0043] tt*s. mmasymm^T w 4 teas 

JS5 5:Sii.-Co6BESCC«t:«)EroniU/c. #fflJSffi 

l/fc. 7fe^gt^fi£gq{4 101^102 i^f&Efil^ffi 
@?£^7 U -f 4 l:C53S3&# 7Xiraifr^^^S#fcU 
VB!<|^©Ji*#{c<fc*)1gi&@5£L/c. 30 
1 0 1 Rtf 1 0 2 i#tBJS^lSlHlte-^r U 4 

[0044] ^mmv^mmmmv-** u-* 

8 7W©3 2f@©tf- RCpfcyW I, ft. 
fcfc. 3t»Si^BJiS»tt 10lRyi0 2i^ 7 ^^- 
©&&ffitt. ^Bi-CCDKH^Klt-r-SfcAtc^SKtc^t 

SJl/fciC*. h 1 - l*>6A*H,/c:)fc«#-h 1 
-2"s jK-M - 2 AJH b fcfttttf - 1- 1 -3 40 

h 1 -3*.A,AS4L/£:7tW^- h 1 -4^ ^ 
-H -4^6A*tL/c?fe(S:>i<- H - l^Hjill, * 

*©ffe©^S!^§£ft1f-*^lx--£:3.-? f-o-en 

[0045] uefc-en^i-i©*- Rcfcw-siitmoict* 

£AS4L/t^©7-f V U-->a>©ffl«2 0 dB?I&© 
fii£^l./c Stf- b<Dfx9ttm&lZ3 0 d BflST'* 

1 ^T-&fc«3©A#3tt1*l>-tfU7 50 
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x4 5mm-C*S. CtVfc 8jg^ite-<£<*: 5 6 X 4 5 m 

m©A*stc^5„ ctMcitiLx^mmtntsm^ 

tc *) ©A* <* (i 3 0 x 3 0 mm kWmvm t>t\tc. 
[0 04 6] *7t. -9— *^U-*8^#K*tLT3£ 
7 y -f '<-&K*4t 5 SE5fc©/W*S>r#>-3lKfc 
^^*SS8«:#-rS-9---*^l'"f *8*^3 2 

StL-C. #SmW©*^-**U-*7Wtt:E^ig 

1 6^f-^7 r 4 rttom&mttt&twsm 

M'-Tb-f«r— StCg^-rSCi^S-C*. 16S©2 5 

Owfflt? *©*y r^wu-/ UTS 
<fc5K:#s©S8WcJ:9 > f^M^ra©A"S^®«[*i^-r 

[0047] #*J, *HteWC«jt»fi^S|5ti 1 0 1 

mf 1 0 2±LXE&&tf5x-c-e*tcmM&&*>ti;Z> 

t-f h7-f F, #;U=iy7--< K^X^©flfe©^7^tt 

glttsp*©^-* X©/J^ti fPK^ra©5SJffiS(jm*» 
6*lSC£#S£i2;*n;te. 35fc. LiNbO,, LiTa 

o 3 . plzt, 13-* v vm>mmiK&!&Mkm*\. 

titc. >i<'j-f 5 F«^*';-7-tt*4-cr£/cag 

[0048] immm 5 ) *5mv>m 5 ©jeawic^s 
(S*. mmuKMMWtm— mHcim— s#*WL-ra 

^4 «:»W3nfc^gt-&^{42 0 1. 2 0 2 "C&A 
-CSIffiSI^ Lfc0.®ffl-3*BS®^ffilEllsT 2 . 3 i L 
Xtf'JJZ FS^l o©^jSaS(c*tLT:iftjfAbfcfc 
©f$>S. *^fli^BXg«u2 0 1. 2 0 2«. ^fflSiB 
*ffiliHS^4 ^ftt»¥ffi*5Sll!i8-C-ja©3fe^!SI^[Hl 
3 2>!»5 8ffi^5>J^C/-ie-©M^{c3tl6ia 
Slffl©^/-^ F^ScSSl 3 3 SCX 1 3 4^-r-S. 

[ 0 0 4 9 ] ytmkMoyftv- * ^ u - ^ r u A 
#&-c* ^^sn^fisswa 201. 2 0 2 «. Tgts^ 

ss27. 28j:oncs. *mmmvi*rm-r z^mmm 

j«®'7fe-9-- + *b-i'TU-f©SftmgS«l . 5 5 u rn 
;ci9:SC/c. ##H£fiX3&{42 0 1 ^^2 0 2 1 L>T* 
2feiia£fe<!:Slf.tt^ » ^> iftc «t D S i StS©± 
fcfP^L fcS^JS 5 XSi^MiSigESga* 6 ?c S ^FS* 




13 

aSHBt? . — ffiO v ?^ V*Zs h ft £3fc# 
»£j£@B 1 3 1 &V 1 3 2 # 8 ffife?iK3fe^(D^iS 
fc**W«E«Z>;tf-f FS»»1 3 3Rtfl 3 4£W*T£ 
##»£j£@B7W£ffil>fc. a»^xiii« 
^iSK(D¥S^<D^ * -JV FS2 6)»10. 
/Co ^ FIMRtflStt. y-fs/>^v-*»tr>r 

[0050] *M FBI 4R01 5©«fttf*3tt3 0 
(imSyiOO/imtU ^fBS^ffi^K^T U A 4 

&dg£rr<s$s^e> i 5 0/xmcDa^ge^u/co tasd 
r *> c t cc i 9 is^Jt^ fe/c«fc*«at«**ti*h 

8Sfoffll^. *HRi«BB^2»tf3©»Stti 
6ymtlfc. JMHWEffiBIST^UTtt. *f F U 
9 F (GGG) S^CDJiCCj^tB^ 

fc (L^Y,_») 3 (GarFe,.,) .O^aii^S^SHB 

0 2mm±U ii*ffiH«ftK7r/4^^r>> L/c 0 

^5^Sm-Co?lStC<i:DEIttnL/^. 3 6«C, ^fBKfi 

L/c. ftB&ttfltt 1 3 1 R01 3 2 

b >T 4 tttSS&tf 4Wr*a^8^U V 

35{42 0 1 REF 2 0 2 t#«K«*ffiBK*r U-T4<D 

[oo52] *mmm<D*wmmmi&*-*~ u-* 

8 T U 4 CD 3 2 F COE? t ^ £8&R 1/ fc. 

ftfc. ^gf^a5{42 0 l»ff20 2i*7r-f;<- 

»UctC6, #- hi - l*&A»Lfc*tt#--F 1 
-2-s #-H -2j^6AJBLfc:*tt#~F 1 -3 

— F 1 -4fr6A**6fc*tt#-F 1 -l^lHWU * 
— > 3 >CDfl«2 0dB^SC[)ffl^l//c o §#-F<D 

[0053] fe*<D^As2mvfr^mftft&®&*m® 

4 5mmCDAt£ttft£., cntCttbT^SIJSfetflTii 8 
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Mf&tc 0 <D±* 3 3 0 x 3 0 mm &/hfi{&PH6ti 
fc. &tc x 1f-^^b-^8*^tC^tLr^T^^ 

zm&^?zv-**i'--zz8m*fr3 2 agists 

1 6S(D2 5 0 /imb* 
10 7?fl«7 7^WM «: WJfifc WK LtS^t £ B5 
Htt, 8 0#r&ofc o 

[0054] coitmfrbWbfr*j:5fci&mmic£ 
■k fwi«FnB©*«B&»ai3«»-c*te. ft*. 

Wr»*»»6flBWft2 o l 2 o 2 i tr^BR*/ 

zntajkif?** m&mmtmii'?* (TaKftw* Nb 
^ F^x«offio^^xtmrr#fc»aa83&>6*5 

[0055] $/c, LiNbO,. LiTaO,. PLZT. 

it- * h momiw&ma&m* i np »acf g aA 
H<D«ass»»*»6n*ct^ita3n^:. afc. pm 

[0 05 6] C^^6D *^0JCD^6O^«CC^^ 
^ 4 ft/c3fc#»£fiRaHa2 0 1. 2 0 2 

LtcBmrt&rDiwxmytwmk* 2. 3 <l l 

ftKIXl. 5 5/zmiC^0fc o 
[0057] 3fe^K^fiX»fiL20 1M2 0 2^1T^C 

3 1 SCf 1 3 2 3^8 ffl^J(C*^©|iacc3e«Baiffl 
<D^^ F4NKB 1 3 3Rtf 1 3 4 JHMtetiKB 

Bru-fsrai^. s^^xsix^Mis?SB<D3is 

1 4M1 SCO^R^^^SO /imRCF 1 OO^mi 
^HS«*B@IETTU^4tcS^*r53SA>61 5 
50 0 /i m(D{igCcE^b/t. 
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[005?] tmmytwMfcfZRVstLrte. 

? h (GGG) S«0_htcffifflxb^ + 5>^;1,JS^^ 
>{t>b'-AX^>^TMlfc (La,Y a _,) 3 (G 
%Fft.,),0 11 Wi*a*«H#l 8#afcMCcafeA,ft: 10 

@Kft«»/4 7^T><!:Uc. 

[0059] ft*> % masmffiia^T u >r 4 ictts 
»5*s»-cd!8s«cj:gHaiibfc. 36cc, mesLm 

b/c. *^g|^a5fi2 0 lUtU2 0 2£UttBS<!3fc® 

W 4 ttqB3?3M/5X £JB*r**»&3 tfcU 20 

J&3${* 2 0 1 &tf2 0 2 ilWBjgfg^M0te-^r 4 

[0060] ^ii«w<DT^«aat3fe^-^ ^ * 

ft*>\ *^gt^aJ{42 0 1M2 0 2i^7^- 

LTffiEfr6 8gra< J^te^£L/c* 1#@<£HFS^ 

l^l/ciC6, M - l^AS*U/c3fc«**- h 1 30 
-2"X tf~M -2^Aa4Lfc^tf~ h 1 -3 
*V tf- h 1 - 3*»6A§*1//C7t«^- h 1 -4^ * 
1 -4^6AS*0/c^«^-M - l^aJSJU it 

— >3X7>fflU2 0dBggcD{i^b/c o &&-f<D 
ra»«5R»£3 0 d B«BTC*-*fc. 

[0061] um>rt)\>zM^iprm%ftm!m&*mtik 40 

4 5mm(D^${a^. CfiCc^L/r^llMCTrii 8 
fWcO(D^^(J30X30mm £^3Sfb&*H£ft 
/c. 1^-^^U-^8^^CC*tLr^T^^* 

^^CcWT^If-^^U-^^8^^3 2*5BmK 
L,TS^-r^«fra6i3 2 0^SU/c. CtllC*tUT> 

r j rtt<mmm^&^&m&±.x.v so 
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JZ—micmmrZCt&VZ, 16;KQ2 5 0 amfc* 

[0 06 2] C.<Dim&hWhiJ>K£^t*m3&WlC& 
WC»*»»^j«SMft2 0 1 Rtf 2 0 2i ir^^7 
*0WWR;tf5X* ■^nMbM#^ CTaR-ffcft. Nb 

[0063] £tc, LiNbO Sv LiTaO,, PLZT, 
if- * v h ^<Dmm%m&W^m. I nP^fr&tf GaA 

[0 064] C5©5fewi7 d *m*<om7 <o$mmimz> 
ess* sui$ l t m—mxc itm—wmti ut 

* 4 €r»f« 3 tittKftm&fmtiL 2 0 1, 2 0 2 

xffimm&McBmxR^mxteimjii'tcTity a ^ fs 

^6^^tBS(i7^®lpl^2 2. 2 3Zt$Alstc$><DX 

*>z. *mmmx'imm?&Tmmmm!ifty'-*~i' 

-^TU^CDgbf^S^l . 3 0 MmtCS:^L//c o 
[0065] ytftm£if8£btiL2 0 1 R^2 0 2 i LX'X 

icrzm l ttEmkij ~> ^siA^M^ffi^ e> *x z wmit 
&mmx. -jHov^^^e^FT^i^e^^^gf^ 
f$Mmi 31^13 2wsm^Mc&&*<Dffi%iicyc 
nm&motH f«jsk i 3 3saf 1 3 4 £*rr 

$&<Dm&%;<D7 ^-;bF^2a>«8 vmt Ltc 0 ffljgfi 

3feffilS^22Ra f 2 3iUt« k 

5if*T€> CiCCd:^ ISHtfrtt* t>/c#/c^^gffi4r«tX 

b/c 0 tBJ5®7fcM^?-2 2RCJf2 3(D^3W1 6 am 

[0 066] tBSig3t®0^2 2,23 
35142 0 1 RV2 0 2 i^®*WET4(DrBltC« 

^^r, 5 xtmVT&z&^zvtcvv wit 

^K^^A^/'^A^^h (GGG) 



(10) 

17 

vi-yif^cvmvtc (l^y,.,) , (g^ f^_ t ) s o 

^4<DS$«l. 48mmiU M*ffi@l£fttt*:/4 

imm 5 £ S m - C oG&ElC £ 0 EP JD U fc. 
[0067] JgK. ^tBS^Mia^T U ^(DffiffiCC 

K^tT &&§ffiftit:3 - h ZMlstc. xam&im®. 2 0 10 

«L/c fl fcfc. %^£jAStt2 0 1 im 2 0 2 <h 

87U>f032 <!<D*"- F (C5fe^ r -f £J£& 

##»£)S»&2 0 1 0 24*^7^- 

©«Kffi«v *iB"COS!**l»jfc"r*fc«)«:«ftBK:» 

*J0/c<tC^ h 1 - l3&)iSAIiUc*»^h 1 
-2^X #-M .-23fe€>AS*Ufc*tt#~l- 1 ~3 
-x. V 1 -3*67Jfl/*:*0:#-h 1 -4"x # 
-h 1 -4^6Af*b/c3fctetf~b 1 -l^HllfU % 

^Alib/c^OT-Y 71/-: >a>©ffl«2 OdBUS© 
ffl£^L/c F <DJ^f*S«M« 3 0 d BflST £> 30 

£if ^£>/c 9 <DA# 5 fcttf^if t> 7 
x4 5iDm^^. C^8fi L f^5 6X4 5m 

[0 06 9] t-taU-^S^^U* 

^ists^^tcw-r^-^- ££8 ^#3 2 

® J f|6^bTg^'r^^ra^3 2 OMIl/c Ctttt 
6S^-^^T>f^<b©mei5tcH3?3fel5]ffiS 
j*~TVJ*-mcm0ttZ>ZtttX% x 16S02 5 
8 0»t*o/c„ C(Di:t*5^e>B^6^ 

[0070] fc*>\ *3B*WCtt36»lt&lK»a2 0 1 
Rtf 2 0 2 tbrs3?*^xr*c#fc»«[B^6ftS 



«B¥ 11-119 15 8 
18 

(TAfHM. N*HMB«F> . ^ ! i3>^> 
h5-fF\ itfr^V+AfiivAnwyteffyiivTM 

6nSCi«^tifco £/c. LiNbO,. LiTa 
0 3 , P L Z T\ * * h ^<Dg&{fc®*¥*£Jltt£k 

[0071] (31*6^8) &5tw<Dm&<Dmmmit&z> 

m^si^ 'w*amBKia 
ftffiBK^* ^i9sn^»»^ajfit2o i. 2 

ij-f? F«*6tt**BK«3MII^3 2. 3 3*RD 
2, 3 3(t stf»M ^ Fffm*MMttnr*C£K<fcD« 

So 

[0072] i> S^mSfiKSBft?- 4 * tt. ( B 
i.Y^,,) J^O^W^. *^WT«f^TS^ 
^3fe^*- + ^ U-^TU^CDibf^Sli 1 . 3 0/nm 
tC^U/c. XflfltetiESft 2 0 1 SC/2 0 24 LT* 

jm&i 3 m^i 3 2*i8ffl^jK:Mt;^©ffi4aK:* 

n<Dm^t<DV ^->rUFS2 6>«l 0. 
[0073] taSS^ffiUfeTS 2RV 3 3 4 LT». 

M^«3 0aniM10 0//iDtU ^<JU^S**B 
J5(@#ffi@*&? T U 4 * «C««-r 4SW> ^ 1 5 0 fx m 
cDligiCEgO^. tgJ^^M@^3 2^3 3(D^ 
umthtc. #*BK(WEffiBe?4' iltti 
i3**^WWS* % )-VM>l3VV\Uit-*<7 h (NO 
G) S«CD±(C^§xt:^+>'-rJV^ffiT'f^b/c 
(Bi» Y,-,) ,Fe fc O ia JMI*6ftS/^^fiHK : f* 



OL) 

IB 

0. 5mmiU <l7fcffi0ifcft«7r/4 t Ltc. 

coo74] mmmmm^A - ^c\mmt 

/c 0 *#8i£j£SW42 0 1 RV2 0 2 £#*§5<§3t®|o] 

2 o i 2 o 2 tmmmmm^T va 4<omm io 

-^-£&fclL/c 0 

[0075] 3^fc. ##»&J&SMi2 0 1 m?z 0 2 t 

Y 1 - 2-. tf- hi - 2*»&A**Ufc*tt* 
-hl-3^ #-M-3^e>A«L/c«i^H 20 
-4-v tf-h 1 -4*^AML/c3B*tf~ h 1 - 1-s 

ti, cti^Offeco^F^SBt^-^^ Y<0 

VU->'3>CD«i«2 0dB^g©fii^L/c o 

[0076] t^©/^^SS"C^offl*»«IHH*ffii8 
tcWT Slf-* * £(D 1 m^&tc VOX* S tt-St* 
^7x4 5mmt$)^ Cni:81«^i56x 30 
4 5mratf>*£;*fc:/j:£ 0 ttitc*fbr^J6t?«r«8 
^&fc*)<0*£3li3 0 x 3 0mmi/MWS6n 
/Co 1f-^^U-^8^^W:»L"C^T^/^ 

6 Sf- zf 7 r A x £ <0&1gt3ttC&&%Mmmm±lc V 

ffilMJLzmrctict-iX. i e^<o%y-rA^-r u 

-Y^-gCcg^-r^C^^r^, 1 6S<D2 5 0 am fcf 40 

[0 07 7] z<»m$frhwhipu&5i l ci&mwi l c& 

0, f^li^p B lOAtH/cC3^ffi^^x»#/co **i6 
W-CJ2##8l£l£SPtt 2 0 1 ROf 2 02i UTS^tf 

a Y-tf7*m<Di&<Dtf^Attnxx$tcm&mfrhtj;z 
¥myt&M$&*m^xt>. xmrnmcom^vAxcn^m so 
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£/c, LiNbO,, LiTaO,, PLZT, * hi? 

^Wrr#/c^B^^/cC^^®^IiIK^ffl^i: 

m*S6tl^C<?:^ffii2^n/Co £/c, PMMAW 
[0078]^, ^ffeW)l-8r«SffS?S4:l. 3 
m&HH%mM$&*2, 3, 2 2, 2 3fc#y>f * K^jjg 

rfcgias^^^^^n/co 3*>k:, ?ms.mtm® 

fe^4<DlvJI4CC (L^Y,.,) , (Ga.Fe,.,) 5 0 12 £ 
/cte (B1.Y,-..) Je.Oa^ftfflW, l£5£ifcg~C 

«/«c^m^5i^$n/c. 

[0 07 9] 

x'm<ttmm<tzmz>ct&xz. 3fe^-+^u-^ 
J--** Ym<D^mtjtmmm<ort'< Ymm&*tttt2> 
c±ic&-? x^m^ft *><ox. &g&'m<D%Mwim<D 

[@2] *^<Dm2(D^JfeWc^>E»^- + ^U-^ 

r u a %9jk?mmx&z> 0 

[03] *^(D^3<7)||JfeWc^^^^^U^^ 
[04] *^W(D^4<7)SIJS^I^-5>^--+^U--^ 
[05] *^(Dm5©*JS{?(lK:^^- + ^U-^ 

[07] *^I7(DjliSWC^*t- + ^ U-f 
[08] ^W0^8C7>||jteF!ltC^^lf^^ A U-^ 
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[09] + ^ L^- ^7 t-((Dl*#fir 

2. 3. 2 2, 2 3. 3 2, 3 3 fiSiBftflBHK-?- 
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5 mm 

14,15 Fill. 
2 7,28 
5 1 b>X 

52 ^mmswmmm 1 

5 3 

5 4 fiiStr-Ax^u^^ 

5 5 H@K(D*K 
5 6 j£&0#*g 

1 0 1. 102. 201. 202 XjMtetiaHk 

131, 132 ytftf&&mm% 

1 3 3. 1 34 *f<f F«KB 




IBS**®©** ftSttttffi®*^ 



[H2] 




(16) 
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mmi^ St=s (72)^^ >mn am 



